Lecture 1 


Spring 2012 


EE 330 
ENGINEERING ELECTROMAGNETICS 


10:10-11:00 MWF 160 Willard 


Topics Mus course provides electrical engimeenng students with an understanding of 
fundamental electric and magnetism concepts i enables them to use thes 
fundamental electricity and magnetism cor ts ind enables them to use these 
concepts m applications 


Instructor: Tim Kane, 3-8727, tjk7 à psu edu 
Wed and Thurs, 1-3 PM m 213 EE East, or by appointment 


Prerequisites: MATH 230 or 232, EE 210. Also try to remember your Physics © 
Text: Fundamentals of Applied Electromagnetics, 6^ Ed, by F.T. Ulaby et al 2010 
Suggested: Daku, B., MATLAB Tutorial CD: Learning MATLAB Superfast, Wiley, 200$ 


Course Requirements and Grading Polley 

15% Homework 

15% Labs and Recitation 

5% Class participation 

20% Exam NE (Wednesday night, 22 February, 6:30 PM to 7:45 PM, in 112 Kern) 
20% Exam #2 (Wednesday night, 4 April, 6:30 PM to 7:45 PM, in 22 Dieke) 
25% Comprehensive Final Exam 

100% TOTAL 


Recitation Sections (Lobs m 304 Hammond) 
1) RIDIOA-12:05P 1085 EEW 
2) T1220 P-2:15P 201 FEW 
3) R 2:30 P- 425 P 107 EEW 
i) T10:10A-12:05P 201 EEW 


TAs: 
11: Chris Curwen cac537 
TA: Hee Jung Shin hus 146/77 psu edu 


Var psu edu 


Homework: 

Homework ts to bę tamed m by 4 pm on the dne date in the homework slot outside of 121 EE East You are to 
use the “E E 330 Homework cover page" provided to you within Angel. Labs are to be tumed m electronacally 
via the Drop Box set up for that purpose où Angel Completed labs are due 1 week from assignment date 


MATLAB: 

The course will employ MATLAB m lectures, homework. and labs We feel that using MATLAB will help 
you to visualize the complex math used in EM and to explore applications more m depth In addition, by the 
end οἵ the course you will have m your “toolbox” a very versatile tool that can be used m other classes 
(partsculariy at the 400 level) and fanuhanty with an odustry-standard math package that will belp you when 
you look for jobs. It ss incumbent on you to become comfortable with MATLAB using the tutorials provided 
mad through the labs 


| 9 Jan | Introduction 


Comments 


411 thru 1-3 


1-4 thru 1-7 


Reading 


[1 I Jan “4 E 
13 Jan Transmission Lines 
| No Clas 
(more) T-Lines 


23 Jan 


Lab: Intro 


25 Jan 


Vector Analysis 


.| Electrostatics 


Magnetostatics 


4-1 thru 4-3 


Lab: Analvzer This 


4-4 
4-5 

1-6 thru 4-8 
14-9, 4-10 


1-11 (and review) 


(Night I 


Lab: Cap Design 


xin in 112 Kern) 


14 Mar 
16 Mar 


Piane- Wave Propagation 


6-5. 6-6 
6-7 thru 6-10 (look at 


6-11) 


Lab: Transformers 


Reflection, Transmission, & Waveguides 


Radiation and Antennas 


7-6 (and review) 
8-1 8-2 (look nt 8-3) 


3-4 en 


5-4 (agan). 8-5 


8-8. 8-9 
8-10. 8-11 
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Lab: Antennas 


9.7 9-8 
9-9 thru 9-11 


ca 900 Legend has it that while walking across a field in northern 

BC Greece, a shepherd named Magnus experiences a pull 
on the iron nails in his sandals by the black rock he was 
standing on. The region was later named Magnesia and 
the rock became known as magnetite [a form of iron with 
permanent magnetism]. 


ca 000 Greek philosopher Thales 

BC describes how amber. after being 
rubbed with cat fur, can pick up 
feathers {static electricity}. 


ca 1000 Magnetic compass used as a 
navigational device. 


1600 William Gilbert (English) coins the term electro after the 
Greek word for amber (elektron), and observes that a 
compass needie points north-south because the Earth 
acts as a bar magnet. 


1671 Isaac Newton (English) demonstrates that we ion sa 
mixture of ail the colors. 


1733 Charles-Francois du Fay (French) discovered that 
electric charges are of two forms, and that like charges 
repel and unlike charges attract. 


1745 Pieter van Musschenbroek (Dutch) invents the Leyden 
jar, the first electrical capacitor. 


1785 


1600 


Benjamin Franklin (American) 
invents the hiotiining rod and 
demonstrates that lightning is 


electricity. 


Charies-Augustin de Coulomb 
(French) demonstrates that the 
secca! force between charges 5 
proportional to the inverse of the 
square of the distance between 
them. 


Alessandro Volta (Italian) 
develops the first eectnc 
battery. 


Hans Christian Oersted 
(Danish) demonstrates the 
mierconnection between 
electricity and magnetism 
through his discovery that an electric current m a wire 
ο ον 


ra 


Andre-Marie Ampere (French) 
notes that parallel currents in 
wires attract each other and 
Opposite currents repel. 


http://www.youtu 
be.com/watch?v= 


c3WWAghWbjo 


1827 


1827 


1831 


1835 


1873 


1887 


Georg Simon Ohm (German) formulates Ohms aw 
relating electric potential to current and resistance 


Joseph Henry (Amencan) 
introduces the concept of 
nductance and built one of the 
earbest electric motors. He also 
assisted Samuel Morse in the 
development of the ο τα, 


Michael Faraday (Engish) 
discovers that a changing 
magnetic flux can induce an electromotive force. 


Cart Friedrich Gauss (German) formulates Gauss s ow 


relating the electnc flux flowing through an enclosed 
Surface to the enclosed electric charge 


Gauss’ Law for Electricity 
Dp =f Ë qA = Ine 


δρ 


Nikola Tesla (Sertxan- 

American) invents the http://www. youtu 

ac (alternating current) be.com/watch?v= 

electric motor Zi4kXgDBFhw& 
NR=1 

Wilheim Roentgen πα. 

(German) discovers X 

rays. One of his first X-ray 

images was of the bones 

in his wife's hand. [1901 


Nobel Prize in physics.] 


Joseph John Thomson (English) discovers the sector 
and measures its charge-to-mass ratio. [1906 Nobel Prize 
in physics] 


Albert Einstein (German-American) explains the 
photoelectric effect discovered earlier by Hertz in 1887 
[1921 Nobel Prize in physics | 


http://www.you 
tube.com/watc 


h?v=6ybYxkt3 
UxU 


1837 


1887 


1887 


William Sturgeon (English) 
develops the multi-turm 


using a code of dots and 
dashes 10 represent letters 
and numbers. 


1807 


Thomas Edison (American) patents the eectnc 
typewriter, 


Alexander Bell (Scottish- 
Amencan) invents the 
telephone, the rotary dial 
becomes available in 1890, 
and by 1900 telephone 
systems are installed in 
many communities. 


1912 


Heinrich Hertz (German) 
generates radio waves and 
demonstrates that they 
share the same properties 
as light. 


Emil Berliner (Arneńcan) invents the flat gramophone 
disc, or recon, 


Valdemar Poulsen (Danish) invents the first magnetic 
sound mooier using δ... 


Guglielmo Marconi (Italian) 
files his first of many patents 
on winmiows transmission 

by radio. In 1901, he 
demonstrates (odio telegraphy 
across the Atlantic Ocean, 
[1909 Nobel Prize in physics, 
shared with Karl Braun 
(German). 


Karl Braun (German) invents the cathode my tube (ORT) 
[1909 Nobel Prize with Marconi] 


Reginald Fessenden (American) invents ampitude 
modulation for telephone transmission. In 1906, he 
introduces AM radio broadcasting of speech and music 
on Christmas Eve. 


Loo Do Forest 
(American) 
develops the inode 
tube amplifier for x 
wireless tolegrnphy. Ñ 
Also in 1912, the ἢ 
wireless distress 
call issued by the 
Titanio was heard 
58 miles away by 
the ocean liner Carpathia which managed to rescue 705 
Titanic passengers 3.5 hours later. 


Edwin Armstrong (American) invents the 
superheterodyne raho receiver, 


Birth of cormnercial radio broadcasting; Westinghouse 
Corporation establishes radio station KOKA in Pittsburgh, 
Pennsylvania. 
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1947 


began in Germany (1935), 
England (1936) and the 
US. (1939), 


Τερκς telephone service between London and 
New York. 


First microwave telephone wk, installed (by Marconi) 
between Vatican City and the Pope's summer residence. 


Edwin Armstrong (American) invents frequency 
modulation (FM) for radio transmission, 


Robert Watson Watt 


Page is introduced as a radio communication product in 
hospitals and factories. 


Navonder Kapany (Indian-American) demonstrates the 
optical fiber as a low-loss, light transmission medium. 


cellular telephone network, 

* 1983 cellular phone networks start in the US. 
* 1090 eectmesc beepers become common 

* 1995 coll phones become widely available 

+ 2002 cell phone supports «deo and internet 


Worldwide internet becomes operational. 


First treneetiontic optical fiber cable between the US. 
and Europe. 


Mars Pathfinder sends images to Earth. http Www. youtu 
be.com/watch?v= 


U5aVw9hu61 
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Flexible Flash Memory 
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Why is EE 210 (circuits) a pre-requisite??? 


p = l uF 


z 10cos(1000t) mA 


Why is Math 230 or 232 (calculus & vector analysis) a pre-requisite??? 


Summary of Vectors, Dot Products and Cross Products 


e A vector is a directed line segment translated so that the initial point is at the origin. They have 
two different notations. 
U =< Uj, liz, 03 > called component form, 
and 


u=uwui+uj+uk where i=<1,0,0>, j=< 0,1,0 >, and k =< 0,0,1 > 


e The vector from P(zy, Yo. zo) to Q(2,,394,2,) is given by 


u = PQ =< τι — zo, th — Yo, 23 — 29 > 


e The length, magnitude, or norm of u is given by ||u|| = Ju + uż + uż 
» . i š a v 
e The unit vector in the direction of v is given by u = IT 
VI 


Let u = (wy, ug, ug) and v = (vj, v9, v4) and w = (wy, we, ws) 
e Dot Product: u:v = uiti + vats + uawa = ||ul| ||v|| cos(8), where 6 is the angle between u and v. 
Major Property: The vectors u and v are orthogonal (perpendicular) if and only ifu:v = 0. 
e Cross Product: u x v = (tugta — ugte)i — (urta — ugvy)j + (urzą — ουν) 


Major property: u x v is orthogonal to both u and v 


magnitude of cross product: |u x v|| = |ul| v| sin(#) 


What's an electric field? ? 
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Illustration of the electric field surrounding a positive (red) and a negative (green) charge. 


http://www.cco.caltech.edu/-phys1/java/physl/EField/EField.html 
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Table 1-1: Fundamental SI units. Table 1-2: Multiple and submultiple prefixes. 


Length meter m 
Mass kilogram kg 
Time second 
Electric Current ampere 
Temperature kelvin 

Amount of substance | mole 


10 fs is to I minute as 


I minute is to the age 
of the universe. 


Computer One l 
Camera Human existence 
clock cycle pg, month Age of 


pyramids 
| Age of universe 


V 


io” 10° 10 1 do πο 10 10 


Time (seconds) 


10 fs light pulse 1 minute 
V 


HW 1: Due Friday 13 January 


1.3, 1.7, 1.13, 1.17, 1.29 


Lecture 2 


Queries 


How many numbers do you 
need to describe the temperature 
at some point in the classroom? 


Is there an electric field in the room? 
How about magnetic? 
How many numbers do you need to describe these? 


valid 08/28/01 187 
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Oscillations, waves, etc. 
(time-varying fields) 


http: 


en.wikipedia.or 


wiki/Black swan theor 
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E(x, y,Z, t) = E, cos lot š kz 


Shear (S) Wave Propagation 
in a Slinky 


Successive 
times 
Direction of Direction of wave 


propagation " 


with Oz74 E 
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Sinusoidal, Response v(e) = V m (ute o) 


(Time Domain) 
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Sin (35) 
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= [9.562071 = 1537/25 
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Example: 
Assume a 100 W light bulb ⁄ ` 
is really small and gives off 
light with 100% efficiency. 
+ What is the power | | i ŁR E | 


density a distance 10m 
from the lamp? 


Isotropic = 
Radiator a 


Distribute radiated 

power over surface Note: R? factor 

area of sphere =AnR° very important! 
100W W 


powerdensity = = 0.08 — 
m 


Am x10°m° 


Wavelength (m) Frequency (Hz) Classification Applications 


1.10% 


Aer AVS + ‘ 
y-rays Food irradiation. 


1-2GHz 30 - 15 cm + 102! cancer therapy 
107424 | 
2 0} j | X-rays Medical diagnosis 
8 a 12 GHz (nm) UR - Ultraviolet Sterilization 
12-18 GHz 2.5 - 1.7 em x j 
107 (PHz) ibe ght 
18 - 27 GHz 1.7 - 1.2 cm (um) 10 À FIN τῇ " 
27 - 40 GHz 1.2 - 0.75 cm i Infrared Night vision 


T "EHF (30-300 GHz) Radar, space exploration 


(cm) 10 ων : VE BRE DE 
- SHF (3 30 GHz) Radar, satellite 


10 1 J communication W 


Hi! 107 (GHz) UHF (300-3000 MHz) Radar, TV, navigation 
"VHF (30-300 MHz) radia, si alic cont 


) 1 i 
750-1500 THz | 200—400 nm o | HF (3-30 M) πέση, 


AM, maritime radio, 


105 (MI 12) ΜΕ (300. 3000 kHz) direction finding 
LF (30-300 kHz) had a 


radio beacon 


VL F (3 30 kHz) Navigation, sonar 


(Mm) 10° - 10) (ΚΙ 12) UL F (300 3000 Hz) Telephone audio range 
m = sah 
07 - 60 (I 12) SL F (30 300 Hz) "Communication with submerged 


(km) 10? 4 
104 4 


5 


submarine, electric power 


Detection of buried 
EL F (3 30 Hz) metal objects 


10°: - 
— 1 (Hz) 


í Wavelength range of human vision: 720 (nm)— 380 (nm) 
[7 E (Deep red) (Violet) 
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